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(57) There is provided a polymer electrolyte which shows excellent characteristics as proton conductive membrane 
of fuel cells and the like. This polymer electrolyte contains an aromatic polymer which is characterized by having a 
super strong acid group in a side chain. 
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[0001 J The present invention relates to an aromatic polymer, and particularly to an aromatic polymer comprising a 
super strong acid group In side chains. 

[0002] As membranes of electrochemical devices such as primary batteries, secondary batteries and solid polymer 
type fuel cells, there are used polymers having proton conductivity, namely, polymer electrolytes. For example, aliphatic 
polymers in which the side chain has a perfluoroalkylsulfonic acid as a super strong acid and the main chain is a 
perfluoroalkyi have been mainly used since they are superior in characteristics as fuel cells. However, these materials 
suffer from the problems that they are very expensive, low in heat resistance and low in membrane strength and cannot 
be practically used without making some reinforcement. 

[0003] Under these circumstances, development of inexpensive polymer electrolytes substitutable for the above 
polymer electrolytes has recently been attempted actively Among them, polymers comprising aromatic polyethers 
excellent in heat resistance and high in film strength into which sulfonic acid groups are introduced, namely, aromatic 
polymers having sulfonic acid groups in side chains and having aromatic main chains are considered promising. For 
example, polymers of sulfonated polyether ketone type (JP-A-11 -502249) and sulfonated polyethersulfone type (JP-A- 
10-45913, JP-A-1 0-21 943) have been proposed. However, these are still unsatisfactory in proton conductivity. 
[0004] On the other hand, polymers in which the main structure is polystyrene and the side chains have perfluoro- 
alkylsulfonic acids which are high in acid strength (J P-A-2001 -302721), namely, polymers in which the side chains 
have super strong acids and the main chain is aliphalic, are also known, but they are insufficient in heat resistance 
and film strength and are desired to be improved in these properties. 

[0005] There remains a need to improve the above defects of conventional polymers having proton conductivity. It 
has been found that a specific polymer In which the side chain comprises a super strong acid group and the main chain 
is an aromatic polymer can attain the object. The polymer has excellent characteristics as a proton conductive mem- 
brane of fuel cells, etc. 

[0006] That is, the present invention provides a practically excellent aromatic polymer, characterized by having a 
super strong acid in the side chain, and a method for producing the same. 

[0007] Fig. 1 is a graph showing the ion exchange capacity (lEC) and proton conductivity of Examples and Compar- 
ative Examples. 

[0008] The polymer of the present invention has one feature that the main chain is an aromatic polymer The aromatic 
polymer means a polymer comprising mainly aromatic rings. The aromatic ring here includes, for example, monocyclic 
aromatic rings such as benzene; polycyclic aromatic rings such as naphthalene and biphenyl; hetrocyclic aromatic 
rings such as pyridine; and poly heterocyclic aromatic rings such as benzimidazole. 

[0009] The aromatic polymers are not particulariy limited as long as the main chain mainly comprises aromatic rings, 
and examples thereof are polymers such as of polyphenylene ether type, polynaphthylene type, polyphenylene type! 
polyphenylene sulfide type, polyether ether ketone type, polyether ether sulfone type, polysulfone type, polyether sul- 
fone type, polyether ketone type and polybenzimidazole type. Of these polymers, especially preferred are those of 
polyphenylene ether type, polynaphthylene type, polyphenylene type, polyether sulfone type and polyether ether sul- 
fone type. 

[001 0] The aromatic rings in these polymers may have one or more substituents in addition to the super strong acid 
groups as side chains, and examples of the substituents are hydroxyl group; alkyi groups of 1-6 carbon atoms, such 
as methyl, ethyl and propyl; alkoxy groups of 1-6 carbon atoms, such as methoxy and ethoxy; araikyi groups of 7-12 
cariDon atoms, such as benzyl: aryl groups such as phenyl and naphthyl; halogen atoms such as fluorine atom, chlorine 
atom and bromine atom; etc. A plurality of substituents may be contained, and, in this case, these may be different. 
Of these substituents, the fluorine atom is preferred. 

[0011] The polymers of the present invention are characterized In that they have one or more super strong acid 
groups in the side chain in addition to the main chain being an aromatic polymer as mentioned above. The super strong 
acid group here means an acid which is substantially stronger than 100% sulfuric acid ("Handbook of Chemistry (Ka- 
gaku Binran). Basic Volume (II), revised 4th edition, page 324, edited by Japan Chemical Society (published from 
Maruzen Co., Ltd.)). 

[0012] As the super strong acids, mention may be made of. for example, the groups shown by the following formulas 
(2a)-(2d). 

-G-SO3W" (2a) 
-G-S02N'WS02-E (2b) 
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-G-P(0)(0'W*)2 (2c) 

-G-P(0)0'W''-E (2d) 

(In the formulas, G represents an alkylene group In which a part or all of hydrogen atoms are substituted with fluorine, 
an aralkylene group in which a part or all of hydrogen atoms are substituted with fluorine, or an arylene group In which 
a part or all of hydrogen atoms are substituted with fluorine, W-^ represents a cation, E represents an alky I group in 
which a part or alt of hydrogen atoms are substituted with fluorine, an arailcyl group in which a part or all of hydrogen 
atoms are substituted with fluorine, or an aryl group In which apart or all of hydrogen atoms are substituted with fluorine). 
[0013] Typical examples of W*^ are hydrogen Ion, alkali metal Ions such as sodium ion and lithium ion. etc. In the 
case of using the polymers for fuel cells, hydrogen ion Is preferred. 

[0014] As to G, the alkylene group has usually about 1 -6 carbon atoms, the aralkylene group has usually about 7-12 
carbon atoms, and the arylene group has usually about 6-10 carbon atoms. Among them, G is preferably an alkylene 
group In which all of hydrogen atoms are substituted with fluorine, an aralkylene group in which all of hydrogen atoms 
are substituted with fluorine, or an arylene group In which all of hydrogen atoms are substituted with fluorine. Preferred 
examples of G are difluoromethylene group, tetrafluoroethylene group, hexafluoropropylene group, hexafluoroben- 
zylene group, tetrafluorophenylene group, hexaftuoronaphthylene group, etc. 

[0015] As to E, the alkyi group has usually about 1 -6 carbon atoms, the aralkyl group has usually about 7-12 carbon 
atoms, and the aryl group has usually about 6-1 0 carbon atoms. Among them, E is preferably an alkyI group In which 
all of hydrogen atoms are substituted with fluorine, an aralkyl group in which all of hydrogen atoms are substituted with 
fluorine, or an aryl group in which all of hydrogen atoms are substituted with fluorine. Preferred examples of E are 
trifluoromethyl group, pentafluoroethyl group, heptafluoropropyl group, heptafluorobenzyl group, pentafluorophenyl 
group, heptafluoronaphthyl group, etc. 

[0016] Preferred examples of the super strong acids of the above (2a) are the following L-1 - L-5. 



-CF2SO3H -CF2CF2SO3H -CF2CF2CF2SO3H 

L-1 L-2 I.-3 





[0017] Preferred examples of the super strong acids of the above (2b) are the following L-6 - L-30. 

-CF2SO2NHSO2CF3 -CF2SO2NHSO2CF2CF3 -CF2SO2NHSO2 (CF2) 2CF3 

L-6 L-7 L-8 

-CF2CF2SO2NHSO2CF3 -CF2CF2SO2NHSO2CF2CF3 -CF2CF2SO2NHSO2 (CF2) 2CF3 
L-9 L-10 
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(CF2) 3SO2NHSO2CF3 - (CF2) 3SO2NHSO2CF2CF3 
L-12 L-13 



(CF2) 3SO2NHSO2CF2CF2CF3 
•L-14 



10 



CF2S02NHS02-h( f 



L-15 




CFaSOjNHSOz-p- p ][ p 

L-16 



15 
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L-17 



L-18 
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-CF2CF2CF2SO2NHSO2 F y 




L-19 
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-CF2CF2CF2SO2NHSO2 




L-20 



40 




SO2NHSO2CF3 

L-21 



^?^SO2NHS02CF2CF3 
L-22 



45 



SO 



SO2NHSO2CF2CF2CF3 
L-23 




L-24 
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L-25 




SO2NHSO2CF3 



L-26 
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SO2NHSO2CF2CF3 



L-27 




SO2NHSO2CF2CF2CF3 
L-28 
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25 




SO2NHSO2- 



L-29 



L-30 



[0018] Preferred examples of the super strong acids of the above (2c) are the following L-31 - L-35. 



30 



-CF2P(0) (OH) 2 
L-31 



-CF2CF2P(0) (OH) 2 -CFaCFsCFaPCO) (OH) 2 

L-32 L-33 



35 



40 



'P(0)(0H)2 
L-34 




P(0)(0H)2 



L-35 



45 



[0019] Preferred examples of the super strong acids of the above (2d) are the following L-36 - L-60. 



so 



-CFzP(O) (OH)CF3 -CF2P(0) (OH)CF2CF3 -CF2P (O) (OH) CF2CF2CF3 
L-36 L-37 L-38 



-CF2CF2P(0) (0H)CF3 -CF2CF2P{0) (OH)CF2CF3 -CF2CF2P (O) (OH) CF2CF2CF3 
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L-40 



L-41 
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-(CF2)3P(0) {OH)CF3 -(CF2)3P(C) (OH)CF2CF3 -(CF2)3P(0) (OH) CF2CF2CF3 
L-42 L-43 L-44 
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20 [0020] Among the L-1 - L-60 enumerated above, L-1-L-30 are preferred. 

[0021] The polymers of the present invention are characterized in that the main chain is the aromatic polymer as 
mentioned above, and the side chain comprises one or more super strong acid groups as mentioned above. Typical 
examples of these polymers are those which contain, for example, a structure represented by the following formula (1 ). 



-(A-Z)„-(A'.Z')„. (1) 

(in the above formula, A represents a divalent aromatic group, A' represents a divalent aromatic group comprising a 
super strong acid group as a substituent, Z and Z' independently of one another represent a direct bond or a divalent 
so group, m and n represent the number of repeating units, n is in the range of 1 0-1 00,000 and the repeating units present 
in the number of n may be the same or different, and m is in the range of 0-100,000 and the repeating units present 
in the number of m may be the same or different). 

[0022] Here, A represents a divalent aromatic group and typical examples thereof are divalent aromatic groups se- 
lected from the following formulas (3a)-(3c). 

35 



40 
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-<rws>- 

(3c) 

(In the above formulas, R represents a hydroxyl group, an alkyi group of 1-6 carbon atoms, an alkoxy group of 1-6 
carbon atoms, an aralkyi group of 7-12 carbon atoms, an aryl group, or a halogen atom, p, r, s and t Independently of 
one another represent a number of 0-4, q represents a number of 0-6, when a plurality of R are present, these may 
be the same or different, j represents a number of 0 or 1 , Y represents a direct bond or a divalent group, and when a 
plurality of Y are present, these may be the same or different). 

[0023] In the definition of R, examples of the alkyI group of 1 -6 carbon atoms are methyl, ethyl, propyl, etc., examples 
of the alkoxy group of 1 -6 carbon atoms are methoxy, ethoxy, etc. , examples of the aralkyi group of 7-1 2 carbon atoms 
are benzyl, toluyl, etc., examples of the aryl group are phenyl, naphthyl, etc., and examples of the halogen atom are 
fluorine atom, chlorine atom, bromine atom, etc. 

[0024] Furthermore, Y represents a direct bond or a divalent group, and examples thereof are a direct bond, -0-, 
-S-, -CO-, -SO2-, alkylene groups of 1-12 carbon atoms, alkylenedloxy groups of 1-12 carbon atoms, etc. Preferred 
are a direct bond, -0-, -S-, -SOg-. alkylene groups of 1-10 carbon atoms, alkylenedloxy groups of 1-10 carbon atoms, 
etc. When a plurality of Y are present, these may be the same or different. Examples of the alkylene group of 1-12 
carbon atoms are methylene, ethylene, propylene, butylene, etc. Examples of the alkylenedloxy group of 1-12 carbon 
atoms are methylenedioxy, ethylenedioxy, etc. 

[0025] A' in the fonnula (1 ) represents a divalent aromatic group comprising a super strong acid group as a substit- 
uent, and typical examples thereof are divalent aromatic groups selected from the following formulas (3d)-(3g). 





(in the fomriulas, R represents a hydroxyl group, an alkyI group of 1-6 carix>n atoms, an alkoxy group of 1-6 cartDon 



8 



BNSDOCID: <EP 1 34871 6A1J_> 



EP 1348 716 A1 

atoms, an aralkyi group of 7-1 2 carbon atoms, an aryl group, or a halogen atom, Z" and Y independently of one another 
represent a direct bond or a divalent group, and when a plurality of Z" are present, these may be the same or different, 
and when a plurality of Y are present, these may be the same or different, D represents a super strong acid group, 
and when a plurality of D are present, these may be the same or different, h, h" and h'" independently of one another 
s represent a number of 1-4, h' represents a number of 1-6, (p'+h), (r'+h") and (s"+h'") independently of one another 
represent a number of 1 -4, s\ V, r" and t" independently of one another represent a number of 0-4, (q'+h') represents 
a number of 1 -6, when a plurality of R are present, these may be the same or different, and j represents a number of 

0 or 1). 

[0026] Here, R and Y are the same as mentioned on A. D represents a super strong acid group, and examples of 
10 the super strong acid group are, for example, those selected from the above (2a)-(2d). Z" represents a direct bond or 
a divalent group, and examples thereof are a direct bond and the same divalent groups as Y, such as -0-, -S-, -CO-, 
-SO2*, alkylene groups of about 1-12 carbon atoms and alkylenedioxy groups of about 1-12 carbon atoms, and addi- 
tional examples are alkylene groups of about 1-12 carbon atoms substituted with fluorine, all<ytenedioxy groups of 
about 1-12 carbon atoms substituted with fluorine, arylene groups of about 6-12 carbon atoms which may be substituted 
15 with fluorine, aryleneoxy groups of about 6-12 carbon atoms which may be substituted with fluorine, alkyleneoxy groups 
of about 1 -1 2 carbon atoms which may be substituted with fluorine, etc. 

[0027] Preferred are a direct bond, -0-, -S-, -SOg-, alkylene groups of 1-10 carbon atoms, alkylenedioxy groups of 

1 -1 0 carbon atoms, alkylene groups of 1 -1 0 carbon atoms substituted with fluorine, alkylenedioxy groups of 1 -1 0 carbon 
atoms substiluted with fluorine, arylene groups of 6-1 0 carbon atoms which may be substituted with fluorine, aryleneoxy 

20 groups of 6-10 carbon atoms which may be substituted with fluorine, and alkyleneoxy groups of 1-10 carbon atoms 
which may be substituted with fluorine. 

[0028] Here, examples of the alkylene groups of 1-12 carbon atoms are methylene, ethylene, propylene, butylene, 
etc. Examples of the alkylenedioxy groups of 1-12 carbon atoms are methylenedioxy, ethylenedioxy, etc. Examples of 
the alkylene groups of about 1-12 carbon atoms substituted with fluorine are difluoromethylene, tetrafluoroethylcne, 

2s hexafluoropropylene, octafiuorobutylene, etc. Examples of the alkylenedioxy groups of 1 -12 carbon atoms substituted 
with fluorine are 2,2,3, 3-tetrafluorobutylenedioxy, 2:2-bis(trifluoromethyl)propylenedioxy, etc. Examples of the arylene 
groups of about 6-12 carbon atoms which may be substituted with fluorine are phenylene, tetrafluorophenylene, etc. 
Examples of the aryleneoxy groups of about 6-12 carbon atoms which may be substituted with fluorine are phenyle- 
neoxy, tetrafluorophenyleneoxy, etc. Examples of the alkyleneoxy groups of about 1-12 carbon atoms which may be 

30 substituted with fluorine are methyleneoxy, difluoromethyleneoxy, ethyleneoxy, tetrafluoroethyleneoxy, etc. 

[0029] Z and Z in the formula (1) independently of one another represent a direct bond or a divalent group, and 
examples thereof are the same groups as those of Y. The symbols m and n represent the number of repeating units, 
n is usually in the range of 1 0-1 00,000 and the repeating units present in the number of n may be the same or different, 
and m is usually in the range of 0-100,000 and the repeating units present in the number of m may be the same or 

35 different. Preferably, n is in the range of 15-50,000 and m is in the range of 0-50,000, and more preferably, n is in the 
range of 20-1 0,000 and m is in the range of 0-1 0,000. The repeating units present in the number of n and the repeating 
units present in the number of m may take any linking such as block copolymer, random copolymer, alternating copol- 
ymer, multi-block copolymer and graft copolymer. 

[0030] The number-average molecular weight of the polymers of the present invention is usually 5,000-500,000, 
40 preferably 10,000-300,000, more preferably 15,000-100,000. 

[0031] The aromatic polymers of the present invention can be obtained, for example, by reacting a polymer repre- 
sented by the following formula (4) with a compound represented by the following formula (5): 

45 -(A-Z)„-(A"-Z-)„- (4) 

(in the formula. A, Z, Z', m and n have the same meanings as defined above, and A" represents a group selected from 
the following fomnulas (4a)-(4d)): 

so 

E-D (5) 
(in the formula, D has the same meaning as above, and E represents a group which reacts with Z'" to form Z"), 

55 
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20 



25 



30 




m 

(in the formulas, R, Y, p', q', r*. s', t', r", s", t", h, h', h", h"' and j have the same meanings as above, and Z"' represents 
a group which reacts with E to form Z"). 

[0032] Here, (1) when Z" is a direct bond, examples of combinations of E and Z'" are a combination of E and Z" which 
are both halogen, and a combination of E and Z'" one of which is halogen and another of which Is -Mg-halogen. 
Examples of the halogen are fluorine, chlorine, bromine and iodine, and chlorine, bromine and Iodine are preferred. 
[0033] (1-1) One of the methods for forming the direct bond by reacting E and Z" which are both halogen is, for 
example, to react them in the presence of a metal. This method can be earned out without using solvents, but is 
preferably carried out in a solvent. As the solvent, there may be used, for example, hydrocarbon solvents, ether solvents, 
ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, etc. Among them, preferred are tetrahydrofuran, 
diethyl ether, dimethyl sulfoxide, sulfolane, N,N-dimethylfomriamide, N,N-dimethylacetamide, N-methylpyrrolidone, N,' 
N'-dlmethylimldazolidinone, etc. Examples of the metals are copper, sodium, lithium, potassium, zinc. Iron, chromium', 
nickel, magnesium, etc. and prefen-ed is copper, zinc or sodium. Amount of the metal used is usually not less than 1/2 
equivalent of the total of halogenated alkyi and/or halogenated aryl. The reaction temperature is preferably -10*'C - 
250°C, more preferably 0°C - 200°C. 

[0034] (i-2) The second method for fonning the direct bond by reacting E and Z"' which are both halogen Is, for 
example, to react one of the halogen with an alkyI metal or the like, followed by reacting with another halogen. This 
method can be carried out without using solvents, but is preferably carried out in a solvent, and it is prefen-ed to use 
known catalysts depending on substrate, for example, nickel catalysts or palladium catalysts. As the solvent, there 
may be preferably used, for example, hydrocarbon solvents, ether solvents, amide solvents, sulfoxide solvents, etc. 
Examples of the hydrocarbon solvents are toluene, benzene, xylene, trimethybenzene, tetramethylbenzene, naphtha- 
lene, tetralin, octane, hexane, etc. Examples of the ether solvents are diethyl ether, diisopropyl ether, tetrahydrofuran, 
1 ,4-dioxane, diphenyl ether, tert-butylmethyl ether, etc. Examples of the alkyI metals are alkyI lithium, alkyi zinc, alkyi 
aluminum, etc., and alkyi lithium is preferred. Examples of the alkyi lithium are butyl lithium, phenyl lithium, benzyl 
lithium, lithium dllsopropylamlde. etc. The reaction temperature Is preferably -100**C - 100"C, more preferabty -78®C 
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- 60*»C. 

[0035] (i-3) As a method for forming the direct bond by the combination of E and Z'" one of which is halogen and 
another of which is -Mg-halogen, mention may be made of, for example, a method of reacting them by allowing them 
to contact with each other. This reaction can be carried out without using solvents, but is preferably carried out in a 

5 solvent, and it is preferred to use known catalysts depending on the substrate, for example, nickel catalysts or palladium 
catalysts. As the solvent, there may be preferably used, for example, hydrocarbon solvents and ether solvents. Exam- 
ples of the hydrocarbon solvents are toluene, benzene, xylene, trimethylbenzene, tetramethylbenzene, naphthalene, 
tetralin, octane, hexane. etc. Examples of the ether solvents are diethyl ether, diisopropyl ether, tetrahydrof uran, 1 ,4-di- 
oxane, diphenyl ether, tert-butylmethyl ether, etc. The reaction temperature is preferably -100**C - tOC'C, more pref- 

10 erably-78°C-60°C. 

[0036] (ii) When Z" is -0-, examples of combinations of E and Z" are a combination of E and Z'" one of which is a 
hydroxyl group and another of which is halogen. Examples of halogen are fluorine, chlorine, bromine and iodine. The 
-O- bond can be formed by contacting them in the presence of a base. This reaction can be carried out without using 
solvents, but is preferably carried out In a solvent. As the solvent, there may be used, for example, aromatic hydrocarbon 

IS solvents, ether solvents, ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, etc. Among them, pre- 
ferred are tetrahydrofuran. diethyl ether, dimethyl sulfoxide, sulfolane, N,N-dimethytfomiamlde, N,N-dlmethylaceta- 
mlde, N-methylpyrrolldone, N,N'-dimelhylimidazondinone, etc. The base Is not particularly limited, and examples there- 
of are sodium hydroxide, potassium hydroxide, potassium carbonate, metallic sodium, metallic potassium, metallic 
lithium, sodium hydride, potassium hydride, lithium hydride, trielhylamine, pyridine, etc. The reaction temperature is 

20 preferably -10*C - 250'C, more preferably 0**C - 200**C. 

[0037] (iii) When Z' is -S-, examples of combinations of E and Z"' are a combination of E and Z'" one of which is -SH 
and another of which is halogen, and others. Examples of halogen are fluorine, chlorine, bromine and iodine. The -S- 
bond can be formed by reacting them in the presence of an alkali. This reaction can be carried out without using 
solvents, but is preferably carried out in a solvent. As the solvent, there may be used, for example, aromatic hydrocarbon 

25 solvents, ether solvents, ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, etc. Among them, pre- 
ferred are tetrahydrofuran, diethyl ether, dimethyl sulfoxide, sulfolane, N,N-dimethylformamide, N, N -dimethyl aceta- 
mide, N-methylpyrrolidone, N,N'-dimethylimidazolidinone, etc. The alkali is not particularly limited, and examples there- 
of are sodium hydroxide, potassium hydroxide, potassium carbonate, metallic sodium, metallic potassium, metallic 
lithium, sodium hydride, potassium hydride, lithium hydride, triethyiamine, pyridine, etc. The reaction temperature is 

30 preferably -1 0**C - 250**C, more preferably 0*'C - 200^C. 

[0038] (iv) When Z" is -CO-, examples of combinations of E and Z"' are a combination of E and Z"' one of which is 
a carboxylic acid halide and another of which is hydrogen atom, and others. Examples of the carboxylic acid halide 
are carboxylic acid chloride, cartDoxylic acid fluoride, etc. As this reaction, mention may be made of, for example, a 
method of carrying out the reaction in the presence of a Lewis acid catalyst. This reaction can be carried out in molten 

35 state without using solvents, but a solvent can also be used. As the solvent, there may be preferably used, for example, 
aliphatic hydrocarbon solvents such as hexane and heptan, carbon disulfide, carbon tetrachloride, nitrobenzene, dichlo- 
robenzene, nitromethane, etc. Examples of the Lewis acid are aluminum chloride, antimony chloride, iron chloride, 
titanium chloride, bismuth chloride, zinc chloride, etc., and aluminum chloride is preferred. The reaction temperature 
is preferably -ICC - 250°C, more preferably O^'C - 200°C. 

40 [0039] (v) When Z" is -SOg-, examples of combinations of E and Z'" are a combination of E and Z'" one of which is 
a sulfonyl halide group and another of which is hydrogen atom, and others. Examples of the sulfonyl halide group are 
sulfonyf chloride, sulfonyl fluoride, etc. The -SOg- can be fonned by allowing them to contact with each other. As this 
reaction, mention may be made of, tor example, a method of carrying out the reaction in the presence of a Lewis acid 
catalyst. This reaction can be carried out in molten state without using solvents, but a solvent can also be used. As 

45 the solvent, there may be preferably used, for example, aliphatic hydrocarbon solvents such as hexane and heptan, 
carbon disulfide, carbon tetrachloride, nitrobenzene, dichlorobenzene, nitromethane, etc. Examples of the Lewis acid 
are aluminum chloride, antimony chloride, iron chloride, titanium chloride, bismuth chloride, zinc chloride, etc., and 
aluminum chloride is preferred. The reaction temperature Is preferably -10*C - 250**C, more preferably 0**C - 200**C. 
[0040] (vi) When Z" is an alkylene group of 1 -1 2 carbon atoms or an alkylene group of 1 -1 2 carbon atoms substituted 

50 with fluorine, examples of combinations of E and Z'" are a combination of E and Z'" one of which is a halogenated alkyi 
group or a halogenated alkyI group further substituted with fluorine and another of which is halogen, and others. Ex- 
amples of halogen are chlorine, bromine and iodine. The halogenated alkyI groups or halogenated alkyI groups further 
substituted with fluorine include, for example, chloromethyl, bromomethyl, iodomethyl, chlorodifluoromethyl, bromod- 
ifluoromethyt, iododifluoromethyl, chloroethyl, bromoethyl, iodoethyl, chlorotetrafluoroethyl, bromotetrafluoroethyl, io- 

55 dotetrafluoroethyl, chloropropyl, bromopropyl, iodopropyl, chlorohexafluoropropyl, bromohexafluoropropyl, iodohex- 
afluoropropyl, chlorobutyl, bromobutyl, iodobutyl, chlorooctafluorobutyl, bromooctafluorobutyl, iodooctafluorobutyl, etc. 
Preferred are bromomethyl, iodomethyl, bromodlfluoromethyl, iododifluoromethyl, bromoethyl, iodoethyl, bro- 
motetrafluoroethyl, iodotetrafluoroethyl, bromopropyl, iodopropyl, bromohexafluoropropyl, iodohexafluoropropyl, bro- 
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mobutyl, iodobutyl, bromooctafluorobutyl, lodooctafluorobutyl, etc. As a method for carrying out the reaction, mention 
may be made of the same methods as in (i-l) and (i-2). 

[0041] (vii) When Z" is an alkylenedioxy group of 1 -1 2 carbon atoms which may be substituted with fluorine, examples 
of combinations of E and Z'" are a combination of E and Z'"' one of which Is a halogenated alkyleneoxy group which 
may be further substituted with fluorine and another of which Is hydroxyl group, a combination one of which is hydrox- 
ylated alkyleneoxy group and another of which is halogen, and others. Examples of halogen are chlorine, bromine and 
iodine. 

[0042] Examples of the halogenated alkyleneoxy groups which may be further substituted with fluorine are chlo- 
romethyleneoxy, bromomethyleneoxy, lodomethyleneoxy, chlorodifluoromethyleneoxy, bromodifluoromethyleneoxy, 
lododlfluoromethyleneoxy, chloroethyleneoxy, bromoethyleneoxy, iodoethyleneoxy, chlorotetrafluoroethyleneoxy, bro- 
motetrafluoroethyleneoxy, iodotetrafluoroethyleneoxy, chloropropyleneoxy, bromopropyleneoxy iodopropyleneoxy, 
chlorohexafluoropropyleneoxy, bromohexafluoropropyleneoxy, iodohexafluoropropyleneoxy, chlorobutyleneoxy, bro- 
mobutyleneoxy, lodobutyleneoxy, chlorooctafluorobutyleneoxy, bromooctafluorobutyleneoxy, lodooctafluorobutylene- 
oxy, etc. Preferred are bromodifluoromethyleneoxy, iododifluoromethyleneoxy, bromotetrafluoroethyleneoxy group, io- 
dotetrafluoroethyleneoxy, bromohexafluoropropyleneoxy, iodohexafluoropropyleneoxy, bromooctafluorobutyleneoxy, 
iodooctafluorobutyleneoxy etc. Examples of the hydroxylated alkyleneoxy groups are hydroxymethyleneoxy, hydrox- 
yethyleneoxy, hydroxypropyleneoxy, hydroxybutyleneoxy, 1 -hydroxy-2,2-dlfluoroethyleneoxy, 1 -hydroxy- 
2,2,3,3-tetrafluoropropyleneoxy, 1 -hydroxy-2,2,3,3.4.4-hexafluorobutyleneoxy 1 -hydroxy-2,2-dlmethylpropyleneoxy, 
1-hydroxy-2,2-bis(trifluoromethyl)propyleneoxy, etc. Preferred are hydroxyethyleneoxy, hydroxypropyleneoxy, 1-hy- 
droxy-2,2-difluoroethyleneoxy, 1 -hydroxy-2,2,3,3-tetrafluoropropyleneoxy, 1 -hydroxy-2,2,3,3,4,4-hexafluorobutylene- 
oxy, etc. As the method for canrying out any of the reactions, the same reaction conditions as in the above (ii) can be 
used for any combinations. 

[0043] (viii) When Z" is an arylene group of about 6-12 carbon atoms which may be substituted with fluorine, examples 
of combinations of E and Z'" are a combination of E and Z"' one of which is halogen and another of which is a halogenated 
aryl group, and others. Examples of halogen are fluorine, chlorine, bromine and iodine. The halogenated aryl groups 
include, for example, fluorophenyl, chlorophenyl, bromophenyl, lodophenyl, pentafluorophenyl, nonafluorobiphenyl, 
etc. Preferred are fluorophenyl and pentafluorophenyl. As a method for carrying out the reaction of them, mention may 
be made of the same methods as In (1-1) and (1-2). 

[0044] (ix) When Z" is an aryleneoxy group of about 6-12 carbon atoms which may be substituted with fluorine, 
examples of combinations of E and Z'" are a combination of E and Z'" one of which is a hydroxyl group and another 
of which is a halogenated aryl group, and others. Examples of the halogenated aryl groups are the same as enumerated 
in (viii). For carrying out the reaction of them, the same methods as of (Ii) can be used. 

[0045] (x) When Z" is an alkyleneoxy group of about 1-12 carbon atoms which may be substituted with fluorine, 
examples of combinations of E and Z'" are a combination of E and Z'" one of which is a halogen and another of which 
is a halogenated alkyleneoxy group which may be further substituted with fluorine, and others. Examples of halogen 
are chlorine, bromine and iodine. The halogenated alkyleneoxy groups which may be substituted with fluorine include, 
for example, chloromethyleneoxy, bromomethyleneoxy, lodomethyleneoxy, chlorodifluoromethyleneoxy, bromodifluor- 
omethyleneoxy, Iododifluoromethyleneoxy, chloroethyleneoxy, bromoethyleneoxy, iodoethyleneoxy, chlorotetrafluor- 
oethyleneoxy, bromotetrafluoroethyleneoxy, iodotetra-fluoroethyleneoxy, chloropropyleneoxy, bromopropylene-oxy, Io- 
dopropyleneoxy, chlorohexafluoropropyleneoxy, bromohexafluoropropyleneoxy, lodohexafluoropropylene-oxy, chlo- 
robutyleneoxy, bromobutyleneoxy, iodobutylene-oxy, chlorooctafluorobutyleneoxy, bromooctafluorobutyleneoxy, Io- 
dooctafluorobutyleneoxy, etc. Preferred are bromodifluoromethyleneoxy, iododifluoromethyleneoxy, bromotetrafluor- 
oethyleneoxy, iodotetrafluoroethylene-oxy, bromohexafluoropropyleneoxy, iodohexafluoropropyl-eneoxy, bro- 
mooctafluorobutyleneoxy, Iodooctafluorobutyleneoxy, etc. As methods for carrying out the reaction of them, mention 
may be made of the same methods as In (1-1) and (1-2). 

[0046] The aromatic polymer of the present Invention can be obtained by reacting a polymer represented by the 
formula (4) with a compound represented by the formula (5) as aforementioned. 

[0047] Here, the polymer represented by the fomnula (4), namely, the polymer (4) having Z'" is obtained, for example, 
by the following methods, namely, (a) a method of introducing Z'" into a corresponding precursor polymer through a 
polymeric reaction, (b) a method of polymerizing a corresponding monomer having Z'" , and (c) a method of polymerizing 
a corresponding monomer having protected Z'" and subjecting the resulting polymer to eliminate the protecting group. 
[0048] The method (a) includes, for example, a method of introducing a halogen as Z'" into a precursor polymer 
through a polymeric reaction, and examples of the method are a method of introducing bromine by the reaction with 
N-bromosuccinimide, a method of directly acting chlorine gas, bromine, iodine, or the like, a method of converting 
hydroxyl group to bromine group using phosphorus tribromide, and a method of chlorinating hydroxyl group using 
thionyl chloride (MacMary, "Organic Chemistry (Yuki Kagaku)", the first volume, pages 291-296, Tokyo Kagaku Dojin, 
1 992). As a method of introducing -OH as Z*", mention may be made of. for example, a method of subjecting the above 
polymer into which halogen is introduced to nucleophilic substitution reaction with a hydroxide ion. 
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[0049] The method (b) includes, for example, a method of polymerizing a monomer having halogen which does not 
participate In the reaction. Examples of the method are a method of carrying out polycondensation using a monomer 
having halogen which does not react at the time of polymerization, and a method of carrying out oxidative polymerization 
using a monomer having halogen which does not react at the time of polymerization, such as 2,6-difluorophenol. The 

5 method of carrying out polycondensation using a monomer having halogen which does not react at the time of polym- 
erization includes, for example, a method of using 2-chlorohydroquinone as the monomer. In this case, the two hydroxyl 
groups are used for the reaction, but the chlorine atom does not participate in the reaction, and therefore the chlorine 
atoms are introduced into the polymer produced. The method of carrying out oxidative polymerization using a monomer 
having halogen which does not react at the time of polymerization includes, for example, a method of using 2,6-dif- 

10 luorophenol as the monomer. In this case, since the fluorine atoms do not participate in the oxidative polymerization, 
the fluorine atoms are introduced into the polymer produced. 

[0050] The method (c) includes, for example, a method of carrying out the polymerization reaction with protecting 
the hydroxyl group with trialkylsilyl group or methyl group and eliminating the trialkylsilyl group of the resulting polymer 
to obtain a polymer having hydroxyl group. An example of the method is a method of producing a polymer by poly- 

IS condensation of 2-methoxyhydroquinone obtained by protecting one of hydroxyl groups of 2-hydroxyhydroqulnone 
with methyl group and then carrying out eliminating the methyl group to obtain a polymer having hydroxyl group as 2'". 
[0051] The above precursor polymer is not particulariy limited as long as the main chain comprises mainly aromatic 
rings as aforementioned, and examples thereof are polymers such as of polyphenylene ether type, polynaphthylene 
type, polyphenylene type, polyphenylene sulfide type, polyether ether ketone type, polyether ether sulfone type, 

^0 polysulfone type, polyether sulfone type, polyether ketone type and polybenzimidazole type. Of these polymers, es- 
pecially preferred are polyphenylene ether type, polynaphthylene type, polyphenylene type, polyether sulfone type and 
polyether ether sulfone type. 

[0052] The method for producing the precursor polymer is not particulariy limited, and the methods for producing 
polyphenylene ether type polymer or polynaphthylene type polymer include, for example, oxidative polymerization of 

25 a corresponding monomer by a known method. 

[0053] For example, monomers used for producing polyphenylene ether type polymers are not particulariy limited, 
and as examples of the monomers, mention may be made of phenol, 2-methylphenol, 2,6-dimethylphenol, 2-phenyl- 
phenol, 2,6-diphenylphenol, 2-methyl-6-hydroxyphenol, 2,6-dihydroxyphenol, 2-hydroxyphenol, 2,6-dihydroxyphenol, 
2-methyl-6*hydroxyphenoi, 2, 6-dif luorophenol, 2,6-dibromophenol, etc. These monomers may have substituents, and, 

30 furthermore, a part or all of hydrogen atoms of the monomers may be substituted with fluorine atoms. These monomers 
may be mixtures of two or more. 

[0054] Monomers used for producing polynaphthylene type polymers are not particularly limited, and examples there- 
of are 2,3-dihydroxynaphthalene, 5,8-dihydroxynaphthalene, 2,6-dihydroxynaphthalene, 3,7-dihydroxynaphthalene, 
4,8-dihydroxynaphthalene, 4,5-dihydroxynaphthaiene, 2,7-dlhydroxynaphthalene, 1 ,5-dihydroxynaphthalene, 1 ,8-di- 

35 hydroxynaphthalene, etc. These monomers may have substituents, and, furthemriore, a part or all of hydrogen atoms 
of the monomers may be substituted with fluorine atoms. These monomers may be mixtures of two or more, 
[0055] In case the monomers have functional groups which may bring about side reactions, the functional groups 
which may bring about side reactions are protected by known methods, thereafter polymerization is carried out, and 
the resulting polymers are subjected to eliminate the protecting group, thereby to obtain polymers having functional 

40 groups. One example of this method comprises protecting hydroxyl group with alkoxy group or siloxy group, then 
carrying out polymerization to obtain a polymer, and then eliminating the protecting group under suitable conditions, 
[0056] The catalyst systems used for the oxidative polymerization are not particulariy limited, and known catalyst 
systems such as metal hatldes or metal halide/amine complexes can be used. As the metal halides, there may be 
used, for example, monovalent, divalent or trivalent halides of metals such as copper, iron, vanadium and chromium. 

45 As the amines, there may be used, for example, pyridine, lutldlne, 2-methylimldazole, N,N,N',N'-tetramethylethylene- 
diamine, etc. The metal hallde/amine complexes can be produced by mixing a metal hallde and an amine In a solvent 
in the presence of oxygen. The mixing ratio of the metal halide and the amine is not particulariy limited, and is, for 
example, metal halide : amine = 1:0.1 to 1:200 (mol.mol), preferably 1:0.3 to 1:100 (mol:mol). 

[0057] The solvent used in the oxidative polymerization is not particulariy limited as long as it does not poison the 
50 catalyst, and there may be used, for example, hydrocarison solvents, ether solvents, alcohol solvents, etc. Examples 
of the hydrocarbon solvents are toluene, benzene, xylene, dichlorobenzene, nitrobenzene, trimethylbenzene, tetram- 
ethylbenzene, naphthalene, tetralin, etc. Examples of the ether solvents are diethyl ether, diisopropyl ether, tetrahy- 
drofuran, 1 ,4-dioxane, diphenyl ether, tert-butylmethyl ether, etc. Examples of the alcohol solvents are methanol, eth- 
anol, isopropanol, 2-methoxyethanol, etc. 
55 [0058] The reaction temperature Is not particularly limited, and is -100*C - 100**C, preferably -50**C - 50®C. 

[0059] When the precursor polymer is a copolymer, this can be produced, for example, by a method which comprises 
mixing two or more monomers and polymerizing them, a method which comprises polymerizing one monomer and 
then adding a second monomer or a polymer. By using these methods or combining these methods, it is possible to 
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produce block copolymers, random copolymers, alternating copolymers, multi-block copolymers or graft copolymers. 
[0060] When the precursor polymer ts a polyphenylene, the method for producing It is not particularly limited, and, 
for example, it can be produced by subjecting a con-esponding alkyi dihalide or aryl dihalide to Yamamoto polymeri- 
zation. 

5 [0061] Here, the monomers are preferably aryl dihalides. More preferred are 1 .4-dichlorobenzene, 1 ,4-dibromoben- 
zene, 1 ,3-dlchlorobenzene, 1 ,3-dibromobenzene, 1 ,4-dichloronaphthalene, 1 ,4-dibromonaphthalene. 1 ,5-dichloro- 
naphthalene,' 1 ,5-dlbromonaphthalene, 2,6-dichIoronaphthalene, 2,6-dlbromonaphthalene, 2,7-dichloronaphthalene, 
2,7-dibromonaphthalene, 4,4'-dlchlorobiphenyl, 4,4*-dlbromobiphenyl, 2.2'-dichlorobiphenyl, 2,2'-dibromobiphenyl, 
1 ,4-dich(oro-2-hydroxybenzene, 1 ,4-dibromo-2-hydroxybenzene, 1 ,3-dlchloro-4-hydroxybenzene, 1 ,3-dichloro-5-hy- 
10 droxybenzene, 1 ,3-dibromo-4-hydroxybenzene, 1 ,3-dibromo-5-hydroxybenzene, 1 ,4-dichloro-2,3-dihydroxynaphtha- 
lene, 1 .4-dibromo-2,3-dihydroxynaphthalene, 1 ,5-dlchloro-2,7-dihydroxynaphthalene. 1 ,5-dlbromo-2,7-dihydroxy- 
naphthalene, 2,6-dichloro-1,5-dihydroxynaphthalene, 2,6-dlbromo-2,7-dihydroxy naphthalene, 2,7-dichloro-1 ,8 dihy- 
droxynaphthalene, 2,7-dibromo-1 ,8-dihydroxynaphthalene, 4,4'-dichloro-2,2'-dihydroxybjphenyl, 4,4'-dichloro-3,3*-dl- 
hydroxybiphenyl, 4,4'-dlbromo-2,2/-dihydroxybiphenyl, 4,4'-dibromo-3,3*-dihydroxybiphenyl. 2,2'-dichloro-4,4'-dihy- 
droxybiphenyL 2,2'-dibromo-4,4'-dihydroxybiphenyl, etc. These monomers may have substituents as exemplified 
above, and these monomers may be mixtures of two or more. 

[0062] In case the monomers have functional groups which may bring about side reactions, the functional groups 
which may bring about side reactions are protected by known methods, thereafter polymerization Is carried out, and 
the resulting polymers are subjected lo eliminale the protecting group under suitable conditions, whereby polymers 
having functional groups can be obtained. One example of this method comprises protecting hydroxy! group with alkoxy 
group or siloxy group, then carrying out the polymerization to obtain a polymer, and then eliminating the protecting 
group under suitable conditions. 

[0063] Examples of the catalysts used in the Yamamoto polymerization are nickel compounds of zero valence, and 
prefen-ed are tris(2,2'-bipyridine)nickcl bromide, dibromobis(triphenylphosphine)nickel, etc. These catalysts can be 
25 produced by known nethods, 

[0064] As the solvents, there may be used, for example, hydrocarbon solvents, ether solvents, amide solvents, ac- 
etonitrile, dimethylsulfoxide, etc. Examples of the hydrocarbon solvents are toluene, benzene, xylene, trlmethyben- 
zene, tetramethylbenzene, naphthalene, tetralin, etc. Examples of the ether solvents are diethyl ether, diisopropyl ether, 
tetrahydrofuran, 1,4-dioxane, diphenyl ether, tert-butylmethyl ether, etc. Examples of the amide solvents are N,N- 
30 dimethylformamide, N,N-dlmethylacetamide. etc. 

[0065] The reaction temperature is not particularly limited, and Is preferably 0°C - 100°C. When a copolymer is 
produced, this can be produced, for example, by a method which comprises mixing two or more monomers and po- 
lymerizing them, a method which comprises polymerizing one monomer and then adding a second monomer. By using 
these methods or combining these methods, It is possible to produce block copolymers, random copolymers, alternating 
35 copolymers, multi-block copolymers or graft copolymers. 

[0066] Furthennore, when the precursor polymers are polyether sulfones, commercially available ones may be used, 
but those which are obtained by polymerization may be used. The commercially available polyether sulfones include, 
forexample,SUMIKAEXCELPES3600P,PES4100P,PES4800P, PES5200P (trademari<sforthe products of Sumitomo 
Chemical Co., Ltd., the same applying to the following). The method for obtaining polyether sulfones is not particulariy 
40 limited, and an example is to react a dihalogenated diphenyl sulfone and a diol in the presence of an alkali. 

[0067] Examples of the dihalogenated diphenyl sulfones are 4,4'-dlfluorodiphenyl sulfone, 4,4*-dichlorodlphenyl sul- 
fone, 4,4'-dlbromodiphenyl sulfone, 2,2'-difluorodiphenyl sulfone, 2,2*-dlchlorodiphenyl sulfone, 2,2'-dibromodiphenyl 
sulfone, 2,4'-difluorodiphenyl sulfone, 2,4'-dlchlorodiphenyl sulfone, 2,4'-dlbromodiphenyl sulfone, etc. These mono- 
mers may have further substituents, and, furthermore, a part or all of hydrogen atoms of the monomers may be sub- 
45 stituted with fluorine atoms. These monomers may be mixtures of two or more. 

[0068] Here, examples of the diols are hydroquinone, 2-methoxyhydroquinone, 2-chlorohydroquinone, resorclnol, 
catechol, 1 ,2-dihydroxynaphthalene, 1 ,4-dlhydroxynaphthalene, 1 ,5-dihydroxynaphthalene, 2, 6-dihydroxy naphtha- 
lene, 2,7-dihydroxynaphthalene, 4,4'-dlhydroxybiphenyl, 2,4'-dlhydroxybiphenyl, 2,2'-dihydroxybiphenyl, 4,4*-dihy- 
droxydiphenylmethane, 1,1-bis(4-hydroxyphenyl)ethane, 1 ,1-bis(4-hydroxyphenyl)cyclohexane, 2,2-bis(4- hydroxy- 
phenyl)propane, 2,2-bis(4-hydroxyphenyl)butane, 1 ,1-bis(4-hydroxyphenyl)cyclohexane, 2,2-bls(4-hydroxyphenyl)- 
1,1,1,3,3,3-hexafIuoropropane, 1 ,1-bls(4-hydroxyphenyl)-1-phenylethane, bis(4-hydroxyphenyl)diphenylmethane, 
9,9-bis(4-hydroxyphenyl)fluorene, a,a*-bis(4-hydroxyphenyl)-1 ,4-dlisopropylbenzene, 4,4'-dihydroxydiphenyl ether, 
2,2'-dihydroxydiphenyl ether, bis(4-hydroxyphenyl) sulfide, bis(2-hydroxyphenyl) sulfide, 1,2-bis (4-hydroxyphenyl) 
ethane, 1 ,2-bis(4-hydroxyphenoxy)ethane, 1 ,2-bls(3-hydroxyphenoxy)ethane, 1 ,2-bis(4-hydroxyphenoxy)propane, 
1 ,3-bis(4-hydroxyphenoxy)propane, 1 ,4-bis(4-hydroxyphenoxy)butane, 1 ,6-bis(4-hydroxyphenoxy)hexane, dlethyl- 
ene glycol bis(4-hydroxyphenyl) ether, etc. These monomers may have substituents, and, furthemnore, a part or all of 
hydrogen atoms of the monomers may be substituted with fluorine atoms. These monomers may be mixtures of two 
or more. 



so 
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[0069] The alkalis are not particularly limited, and exannples thereof are sodium hydroxide, potassium hydroxide, 
potassium carbonate, metallic sodium, metallic potassium, metallic lithium, sodium hydride, potassium hydride, lithlunri 
hydride, triethylamlne, pyridine, etc. 

[0070] The reaction can be carried out in molten state without using solvents, but is preferably carried out in a solvent. 
5 As the solvent, there may be used, for example, aromatic hydrocarbon solvents, ether solvents, ketone solvents, amide 
solvents, sulfone solvents, sulfoxide solvents, etc. Among them, dimethyl sulfoxide, sulfolane, N,N-dimethylformamide, 
N,N-dimethytacetamide, N-methylpyn'olidone, N.N'-dimethylimidazolidinone, etc. are preferred because these are high 
in dissolvability. 

[0071] The reaction temperature is not particularly limited, and is preferably 20**C - 250^C, more preferably 50°C - 
10 200°C. 

[0072] When a copolymer is produced, this can be produced, for example, by a method which comprises mixing two 
or more monomers and polymerizing them, and a method which comprises polymerizing one monomer and then adding 
a second monomer or a polymer. By using these methods or combining these methods, it is possible to produce block 
copolymers, random copolymers, alternating copolymers, multi-block copolymers or graft copolymers. 
^5 [0073] Furthermore, the aromatic polymer of the present invention can also be produced by reacting the polymer of 
the formula (4) with a compound represented by the following formula (6) and then converting D' to a super strong acid 
group D. 



20 E-D' (6) 

(in the formula (6), E has the same meanings as defined above, and D' represents a group capable of being converted 
to D). 

[0074] As a method for forming Z" by reacting E and Z'", mention may be made of the same reactions as aforemen- 
25 tioned. 

[0075] Examples of D' capable of being converted to super strong acid group D are perfluoroalkylene halldes, per- 
ftuoroalkylenesulfonyl halides, perfluoroalkylene thiols, perfluoroalkylene sulfides, perfluoroalkylene disulfides, per- 
fluoroalkylenesulfinic acids, perfluoroalkylene thiocyanates, perfluoroalkylene thioketones, etc. Examples of halogens 
of the perfluoroalkylene halides are iodine, bromine, chlorine, etc., and examples of halogens of perfluoroalkylenesul- 

30 fonyl halides are chlorine, fluorine, etc. 

[0076] As a method for converting a perfluoroalkylene halide to a super strong acid group, there is a method of 
reacting the perfluoroalkylene halide with a sulfite such as sodium sulfite, potassium sulfite, sodium hydrogensulfite 
or potassium hydrogensulfite and/or a hypothionite such as sodium hypothionite or potassium hypothionite. The reac- 
tion temperature is usually 0°C - 200*^0, preferably SC'C - ISO'^C. The reaction of the perfluoroalkylene halide- with 

35 sulfite and/or hypothionite is usually carried out In a solvent. The solvent is not particulariy limited, and water, a mixed 
solvent of water/organic solvent and an organic solvent are used. As the organic solvent, there may be used, for 
example, hydrocarbon solvents, ether solvents, ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, 
etc. Preferred are water, hydrocarbon solvents, ether solvents, amide solvents and sulfoxide solvents are used. Ex- 
amples of the hydrocarison solvents are toluene, benzene, xylene, trimethybenzene, tetramethylbenzene, naphthalene, 

40 tetralln, octane, hexane, etc. Examples of the ether solvents are diethyl ether, dllsopropyl ether, tetrahydrofuran, 1 ,4-dl- 
oxane, diphenyl ether, tert-butylmethyl ether, etc. Examples of the amide solvents are N,N-dimethylformamide, N,N- 
dimethylacetamide, N-methylpyrrolidone, etc. Examples of the sulfoxide solvents are dimethyl sulfoxide, etc. 
[0077] As a method for converting a perfluoroalkylenesulfonyl halide to a super strong acid group, mention may be 
made of, for example, a method of carrying out hydrolysis to produce sulfonic acid, a method of reacting with a per- 

^5 fluoroalkylenesulfonyl amide to produce sulfonyl Imlde. 

[0078] Here, the reaction of hydrolyzing perfluoroalkylenesulfonyl halide to produce sulfonic acid can be performed 
by allowing water to act, and the reaction can be accelerated by allowing to be present an alkali such as sodium 
hydroxide, potassium hydroxide, pyridine, lutidine, quinofine, or trimethylamine. The reaction temperature Is usually 
C'C - 200°C, preferably 50°C - ISO^'C. The hydrolysis reaction can be carried out without using solvents, but can also 

so be carried out in a suitable soh^ent. The solvent is not particulariy limited, and water, a mixed solvent of water/organic 
solvent and an organic solvent are used. As the organic solvent, there may be used, for example, hydrocarbon solvents, 
ether solvents, ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, etc. Preferred are water, hydro- 
carbon solvents, ether solvents, amide solvents, and sulfoxide solvents. Examples of the hydrocari3on solvents are 
toluene, benzene, xylene, trimethybenzene, tetramethylbenzene, naphthalene, tetralln, octane, hexane, etc. Examples 

55 of the ether solvents are diethyl ether, diisopropyl ether, tetrahydrofuran, 1 ,4-dioxane, diphenyl ether, tert-butylmethyl 
ether, etc. Examples of the amide solvents are N,N-dlmethylfonnamide, N,N-dimethylacetamide, N-methylpyrrolidone, 
etc. Examples of the sulfoxide solvents are dimethyl sulfoxide, etc. 

[0079] For reacting perfluoroalkylenesulfonyl halide with perfluoroalkylenesulfonyl amide to produce sulfonyl imide. 
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there may be used, for example, a method disclosed in the known literature (J. Fluorine. Chem., 105, 129 (2000)). 
[0080] As a method for converting perfluoroalkylene thiols, perfluoroalkylene sulfides, perfluoroalkylene disulfides, 
perfluoroalkylenesulfinic acids, perfluoroalkylene thiocyanates, perfluoroalkylene thioketones, perfluorothlocarbonate 
esters, etc. to super strong acid groups, there is, for example, a method of oxidation. For carrying out the oxidation 
s reaction, mention may be made of a method of using, for example, nitric acid, hydrogen peroxide, bromine water, 
hypochlorites, hypobromites, potassium pennanganate, chromic acid, etc. The reaction temperature is usually 0*C - 
200*C, preferably 50*'C - 150*»C. The oxidative reaction can be canried out without using solvents, but can also be 
carried out in a suitable solvent. The solvent is not particularly limited, and water, a mixed solvent of water/organic 
solvent and an organic solvent are used. As the organic solvent, there may be used, for example, hydrocarbon solvents, 
10 ether solvents, ketone solvents, amide solvents, sulfone solvents, sulfoxide solvents, etc. Preferred are water, hydro- 
carbon solvents, ether solvents, amide solvents, and sulfoxide solvents. Examples of the hydrocarbon solvents are 
toluene, benzene, xylene, trimethybenzene, tetramethylbenzene, naphthalene, tetralin, octane, hexane, etc. Examples 
of the ether solvents are diethyl ether, diisopropyl ether, tetrahydrofuran, 1 ,4-dioxane, diphenyl ether, tert-butylmethyl 
ether, etc. Examples of the amide solvents are N.N-dimethylfomtamide, N,N-dimethylacetamide, N-methylpyrrolidone, 
IS etc. Examples of the sulfoxide solvents are dimethyl sulfoxide, etc. 

[0081] The aromatic polymer of the present invention can also be produced by a method of polymerizing a monomer 
having a super strong acid group in the side chain in addition the methods as mentioned above. 
[0082] As the monomer having a super strong acid group In the side chain, mention may be made of, for example, 
a compound represented by the following fonnula (7). 



20 



25 



V-A'-V (7) 

(in the above formula, A' has the same meanings as defined above and V represents a halogen, a hydroxyl group, a 
thiol group, an amino group, a nitro group, a carboxyllc acid group, an aldehyde group or a sulfonyl halide group). 
[0083] V is preferably halogen or hydroxyl group. Examples of the halogen are fluorine atom, chlorine atom, bromine 
atom and iodine atom. The two Vs may be the same or different. 

[0084] The monomer represented by the formula (7) may be used each alone or may be used as a suitable bifunctional 
comonomer. The comonomer is not particulariy limited, and examples thereof are bissulfonyl chloride compound such 
30 as 1 ,4-benzenedisulfonyl chloride, 1 ,3-benzenedisulfonyl chloride, 1 ,2-benzenedlsulfonyl chloride, 4,4'-blphenyldisul- 
fonyl chloride and naphthalenedisulfonyl chloride; diol compounds such as hydroquinone, resorcinol, catechol, 1 ,2-di- 
hydroxynaphthalene, 1 ,4-dihydroxynaphthalene, 1 .5-dihydroxynaphthalene, 2.6-dihydroxynaphthalene, 2,7-dihydrox- 
ynaphthalene, 4,4'-dihydroxybiphenyl, 2,4'-dihydroxyblphenyl, 2,2'-dihydroxybiphenyl, 4,4'-dihydroxydiphenylmeth- 
ane, 1,1-bis(4-hydroxyphenyl)ethane, 1 ,1-bis(4-hydroxyphenyl)cyclohexane, 2,2-bis(4-hydroxyphenyl)propane, 
35 2,2-bis(4-hydroxyphenyl)butane, 1 ,1-bis(4-hydroxyphenyl)cyclohexane, 2,2-bis(4-hydroxyphenyl)-1 ,1 ,1 ,3,3,3-hex- 
afluoropropane, 1 ,1 -bls(4-hydroxyphenyl)-1 -phenylethane, bis(4-hydroxyphenyl)diphenylmethane, 9,9-bis(4-hydroxy- 
phenyl)fluorene, a,a'-bis(4-hydroxyphenyl)-1 ,4-diisopropylbenzene, 4,4'-dihydroxydiphenyl ether, 2,2'-dihydroxy- 
diphenyl ether, bis(4-hydroxyphenyl) sulfide. bis(2-hydroxyphenyl) sulfide, 1 ,2-bis(4-hydroxyphenyl)ethane, 1 ,2-bis 
(4-hydroxyphenoxy)ethane, 1 ,2-bis(3-hydroxyphenoxy)ethane, 1 ,2-bis(4-hydroxy-phenoxy)propane, 1 .3-bis(4-hy- 
^0 droxyphenoxy)propane. 1 ,4-bls(4-hydroxyphenoxy)butane, 1 ,6-bis(4-hydroxyphenoxy)hexane, and diethylene glycol 
bis(4-hydroxyphenyl) ether; dihalogen compounds such as 4,4'-difluorobenzophenone, 4,4'-dichlorobenzophenone, 
2,4-difluorobenzophenone, 4,4'-dibromobenzophenone, 4,4'-difluorodiphenylsulfone, 4,4'-dichtorodiphenylsulfone! 
4,4'-dibromodiphenylsulfone, 2,6-difluorobenzonitrile, 2, 6-dichlorobenzonitr.ile, hexafluorobenzene, decafluorobiphe- 
nyl, and octafluoronaphthalene, etc. These monomers have a super strong acid group in the side chain. The monomer 
may have further substltuents, and, furthermore, a part or all of hydrogen atoms of the monomers may be substituted 
with fluorine atoms. These monomers may be mixtures of two or more. 

[0085] The (co)polymerization reaction of monomers having super strong acid groups can be performed in molten 
state without using solvents, but is preferably carried out in a suitable solvent. As the solvent, there may be used, for 
example, aromatic hydrocarbon solvents, ether solvents, ketone soh^ents, amide solvents, sulfone solvents, sulfoxide 
solvents, etc. Among them, dimethyl sulfoxide, sulfolane, N,N-dimethylfomnamide, N,N-dimethylacetamide, N-methyl- 
pyrrolidone, N.N'-dimethylimidazolidinone, etc. are prefen^ed because these are high in dissolvabllity. 
[0086] The reaction temperature is preferably 20°C-250*»C, more preferably 50*'C - 200**C. 

[0087] Furthennore, the aromatic polymer of the present invention can also be produced by polymerizing a monomer 
having group D' in the side chain which can be converted to a super strong acid group D and then converting D' to D. 
55 [0088] Examples of the monomer having a group in the side chain which can be converted to a super strong acid 
group are compounds represented by the following formula (8). 
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V-A"'-V (8) 

(in the above formula, A'" represents a divalent group selected from the following fornnulas {8a)-(8d) and V has the 
5 same meanings as defined above). 



10 



15 



20 



25 



30 



35 



40 




(in the above formulas, D', R, Y, Z", h, h', h", h'", p', r', r",s',s",t', t",q, q' andj have the same meanings as defined above). 
[0089] The monomers represented by the formula (8) may be used each alone or may be used as suitable bif unctional 
comonomers. As thecomonomers, mention may be made of the same comonomers of the formula (7) except the super 

45 strong acid group D. These monomers have a group capable of being converted to a super strong acid group, D'. The 
(co)polymerization reaction of monomers having a group capable of being converted to a super strong acid group can 
be performed in molten state without using solvents, but is preferably carried out in a suitable solvent. As the solvent, 
mention may be made of the same solvents as usable In polymerization of the monomers of the formula (7). The 
reaction temperature can be the same as that employed for polymerization of the monomers of the formula (7). As the 

50 method for converting D' to D, there may be used the same method as mentioned above. 

[0090] The aromatic polymer of the present invention is characterized by having a super strong acid group in the 
side chain as mentioned above, and shows excellent characteristics as polymer electrolyte used for membranes of 
electrochemical devices such as fuel cells. 

[0091] In the case of using it as such membranes, It Is generally used in the form of a film. The method for making 
55 the aromatic polymer of the present Invention to a film Is not particularly limited, and is preferably a method of film 
formation from solution (solution casting method). 

[0092] Specifically, the film is produced by dissolving the polymer in a suitable solvent, casting the solution on a 
glass plate, and removing the solvent. The solvents used for the production of film are not particularly limited as long 
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as they can dissolve the polymer and can be removed later. Suitable examples of the solvents are non-aprotic polar 
solvents such as N.N-dimethylfonmamlde, N.N-dlmethylacetamlde. N-methyl-2-pyrrolidone and dimethyl sulfoxide; 
chlorinated solvents such as dichloromethane, chlorofomi. 1,2-dichloroethane. chlorobenzene and dichlorobenzene; 
alcohol solvents such as methanol, ethanol and propanol; and alkylene glycol monoalkyi ethers such as ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, propylene glycol monomethyl ether and propylene glycol monoe- 
thyl ether. These may be used each alone and. if necessary, as mixtures of two or more. Of these solvents, prefen-ed 
are dimethyl sulfoxide, N,N-dimethylfon7iamide, N.N-dimethylacetamide, N-methylpyn-olidone. etc. because these are 
high In dissolvability for polymers. 

[0093] Thickness of the film has no special limitation, and Is preferably 10-300 jim. If the thickness of the film is 
thinner than 10 ^m. practical strength Is sometimes insufficient, and If It is thicker than 300 jim. membrane resistance 
increases to cause deterioration in characteristics of the electrochemical devices. The film thickness can be controlled 
by the concentration of solution and the thickness of coat on the substrate. 

[0094] For the purpose of improving various physical properties of the film, plasticizers, stabilizers, releasing agents, 
etc. which are used for general polymers can be added to the polymer electrolyte of the present invention. Moreover, 
other polymers can be alloyed with the polymer of the present invention by a method of mixing and co-casting In the 
same solvent, and other methods. 

[0095] Furthemnore, for the purpose of improving ionic conductivity, etc., there may be applied known methods such 
as a method of adding low-molecular electrolytes, acid compounds or other Ion conductive polymers and a method of 
impregnating with solvents. The low-molecular compounds which can be used in the present invention are not partic- 
ularly limited, and phosphoric acid derivatives represented by the following formula (9) are preferred from the viewpoint 
of Improvement of Ionic conductivity. 



0=P(R'0),(0H)3.j, (9) 

(in the fonnula. R' represents an alkyi group of 1-6 carbon atoms or an aryl group of 6-12 carbon atoms, k represents 
0-2 and when k is 2, the two R' may be the same or different). 

[0096] In the above formula, k is preferably 0 or 1 . more preferably 0. When k Is 1 or2, R' is preferably an alkyI group. 
[0097] Examples of the alkyI groups are linear or branched alkyI groups or cyclic alkyI groups such as methyl, ethyl, 
propyl, isopropyl, n-butyl. isobutyl, sec-butyl, pentyl, cyclopentyl, hexyl. and cyclohexyl. AlkyI groups of 1-3 carbori 
atoms such as methyl, ethyl, propyl and isopropyl are prefen-ed from the viewpoint of proton conductivity. The alkyi 
groups may have one or more substituents such as halogen atoms, amino groups and hydroxyl groups. 
[0098] Examples of the aryl groups are phenyl group; alkyl-substituted phenyl groups such as tolyl, ethylphenyl and 
isopropylphenyl; halogen -substituted phenyl groups such as bromophenyl; naphthyl group, anthryl group, phenanthryl 
group, nitrophenyl group, chlorophenyl group, etc. 

[0099] As phosphoric esters in which R' is an alkyI group and k is 1 , there are, for example, monomethyl phosphate, 
monoethyl phosphate, mono-n-propyl phosphate, monoisopropyl phosphate, mono-n-butyl phosphate, monoisobutyi 
phosphate, mono-sec-butyl phosphate, mono-tert-butyl phosphate, mono-n-pentyl phosphate, mono(l-methylbutyl) 
phosphate, mono(2-methylbutyl) phosphate, mono(3-methylbutyl) phosphate, mono(l.l-dimethylpropyl) phosphate, 
mono(2.2-dimethylpropyl) phosphate, mono (1 ,2-dimethylpropyl) phosphate, mono-n-hexyl phosphate. mono(2-meth- 
ylpentyl) phosphate, mono(3-methylpentyl) phosphate, etc. 

[0100] As phosphoric esters in which R' is an alkyI group and k is 2, there are, for example, dimethyl phosphate, 
diethyl phosphate, di-n-propyt phosphate, diisopropyl phosphate, di-n-butyl phosphate, dlisobutyl phosphate, di-sec- 
butyl phosphate, di-tert-butyl phosphate, di-n-pentyl phosphate, di(1 -methylbutyl) phosphate. di(2-methylbutyl) phos- 
phate, dl(3-methylbutyl) phosphate, di(1,1-dimethylpropyl) phosphate; di(2,2-dimethylpropyl) phosphate, di 
(1.2-dimethylpropyl) phosphate, di-n-hexyl phosphate, di(2-methylpentyl) phosphate, dl(3-methylpentyl) phosphate, 
etc. 

[0101] Of these phosphoric esters of k being 1 or 2, from the viewpoint of proton conductivity, preferred are mono- 
methyl phosphate, monoethyl phosphate, mono-n-propyl phosphate, monoisopropyl phosphate, dimethyl phosphate, 
diethyl phosphate, di-n-propyl phosphate, diisopropyl phosphate, and mixtures thereof, more preferred are monoethyl 
phosphate, mono-n-propyl phosphate, monoisopropyl phosphate, diethyl phosphate, di-n-propyl phosphate, diisopro- 
pyl phosphate, and mixtures thereof, and most preferred are monoisopropyl phosphate, diisopropyl phosphate and 
mixtures thereof. 

[0102] As phosphoric esters In which R' is an aryl group and k is 1 , there are, for example, monophenyl phosphate, 
monotolyl phosphate, monoethylphenyl phosphate, monoisopropylphenyl phosphate, mononaphthyl phosphate! 
monoanthryl phosphate, monophenanthryl phosphate, mononitrophenyl phosphate, monochlorophenyl phosphate! 
monobromophenyl phosphate, etc. 
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[0103] As phosphoric esters in which R' is an aryl group and k is 2, there are, for example, diphenyl phosphate, ditolyl 
phosphate, di(ethyiphenyl) phosphate, dl(isopropylphenyl) phosphate, dinaphthyl phosphate, dianthryl phosphate, 
diphenanthryl phosphate, di(nitrophenyl) phosphate, di(chlorophenyl) phosphate, di(bronnophenyl) phosphate, etc. 
[0104] When k is 0, the formula (9) represents orthophosphoric acid. 
5 [0105] In the case of adding the phosphoric acid derivatives, the amount thereof is not particularly limited, and, for 
example, can be used in such an amount as (weight (g) of the phosphoric acid)/(weight (g) of the polymer) = 0.001 (g/ 
g) - 10 (g/g), preferably 0.01-5 (g/g), especially preferably 0.05-2 (g/g). 

[0106] If the amount of the phosphoric acid derivatives is too small, sometimes they cannot sufficiently contribute to 
improvement of proton conductivity. If it Is too large, strength of the film decreases and sometimes it becomes difficult 

10 to use the film as proton conductive membrane for fuel cells. 

[0107] The method for allowing the phosphoric acid derivatives to be contained includes, for example, (1) a method 
of adding the phosphoric acid derivatives to a solution of polymer electrolyte and (2) a method of Immersing the film 
of the polymer electrolyte produced by the above-mentioned method in a solution of the phosphoric acid derivatives. 
[0108] Moreover, It is known to add inorganic or organic fine particles as a water retaining agent in the case of using 

15 for fuel cells In addition to the above-mentioned additives, and these can be used as long as they do not hinder the 
attainment of the object of the present invention. 

[01 09] Furthermore, for the purpose of improving mechanical strength of the film, it is known to carry but crossiinking 
by irradiation with electron rays or radiation, and this method can also be used as long as the attainment of the object 
is not hindered. 

20 [0110] When the aromatic polymer of the present invention is subjected to monoaxial or biaxial drawing or rolling, 
there can be provided drawn membranes or rolled membranes having further excellent characteristics as proton con- 
ductive membranes for fuel cells, etc. The membranes obtained by the method of carrying out the rolling while carrying 
out the drawing are also called rolled membranes here. 

[01 1 1 ] The aromatic polymer of the present Invention may be directly drawn or rolled to make the drawn membranes 
2s or rolled membranes, but usually there is employed a method of monoaxiaily or biaxlally drawing and/or roiling an 
uncrosslinked membrane preliminarily formed in the fonn of film by the above-mentioned solvent casting method. 
[0112] Thickness of the film in this case is not particulariy limited, and is preferably 10-500 jxm. If the thickness is 
thinner than 1 0 jim, damages such as rupture of the film during the drawing are apt to occur If the thickness is thicker 
than 500 ^.m, the drawing is difficult, and further the thickness of the film after drawing becomes too thick, which causes 
30 increase of membrane resistance, resulting in unsatisfarctory characteristics of electrochemical devices. The thickness 
can be controlled by the concentration of the solution and the thickness of the coat on the substrate. 
[0113] Drawing or rolling ratio is usually 1 .05-3.00 times, preferably 1.10-2.50times in the drawing or rolling direction. 
If the drawing and/or roiling ratio is less than 1 .05 time, the improvement of proton conductivity of the resulting mem- 
brane is small, and if it exceeds 3.00 times, the possibility of causing damages such as rupture of membrane increases. 
35 [0114] The drawing and rolling temperature is not particulariy limited, and is usually about O'^C - 300*^0, preferably 
about 5°C - 200°C, more preferably about 10**C - 100*'C. 

[0115] In carrying out the drawing and rolling of the aromatic polymer of the present invention, it becomes possible 
to make easier the drawing and rolling when the aromatic polymer contains 5*1 00% by weight of a solvent. If content 
of the solvent is less than 5% by weight, It is difficult to perform the drawing and/or the rolling, and if It is more than 

40 1 00% by weight, the resulting membrane becomes brittle. Use of the aromatic polymer containing 7-70% by weight is 
preferred because the drawing and rolling is easier, and, furthermore, strength of the membrane increases. 
[0116] As the solvent, preferred are water, hydrocarison solvents, alcohol solvents, ether solvents, amide solvents, 
sulfoxide solvents, ketone solvents, halogenated hydrocarbon solvents, mixed solvents thereof, etc. More prefen^ed 
are water, toluene, xylene, methanol, ethanol, isopropanol, tetrahydrofuran, N,N-dimethyiformamide, N,N-dlmethyla- 

45 cetamide, dimethyl sulfoxide, acetone, methylene chloride, methylene chloride/methanol mixed solvent, tetrahydro- 
furan/methanol mixed solvent, N,N-dimethylacetamide/water mixed solvent, etc. 

[01 17] For the purpose of improving mechanical strength of the film, the thus obtained drawn membrane and rolled 
membrane can be crosslinked by irradiation with electron rays and radiation as long as attainment of the object of the 
present invention is not hindered. 
50 [01 1 8] Next, the fuel cell of the present Invention will be explained. 

[01 19] The fuel celt of the present invention can be produced by bonding a catalyst and a conductive material as a 
current collector onto both sides of a polymer electrolyte film. 

[0120] The catalyst is not particulariy limited as long as it can activate the redox reaction with hydrogen or oxygen, 
and known catalysts can be used. It is preferred to use platinum fine particles. The platinum fine particles are preferably 
55 supported on particulate or fibrous carbon such as active carbon or graphite. 

[0121] As for the electroconductive materials as current collectors, known materials can also be used, and porous 
carbon nonwoven fabrics or carbon papers are preferred because they efficiently transport the raw gas to the catalyst. 
[01 22] As a method for bonding platinum fine particles or platinum fine particles supported on carbon onto the porous 
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carbon nonwoven fabrics or carbon papers and a method for bonding thereto the polymer electrolyte film, there can 
be employed known methods, for examples, the method disclosed in "J. Electrochem. Soc: Electrochemical Science 
and Technology", 135 (9), 2209 (1988). 

s Examples 

[0123] Having thus generally described the present invention, the following specific examples are provided to illus- 
trate the Invention. The examples are not intended to limit the scope of the invention in any way 
[0124] The proton conductivity was measured by alternating current impedance method under the conditions of 
^0 temperature: 80**C and humidity: 90% RH. 

Reference Example 1 

(A) Copolymerization of 2-methoxy-1 ,4-dihydroxybenzene and 4,4'-difluorodlphenylsulfone- 

15 

[0125] In a flask, the inner atmosphere of which was replaced with nitrogen, were charged 1 00 ml of N-methylpyr- 
rolldone and 10.12 g (73.1 mmols) of 2-methoxy-1 ,4-dlhydroxybenzene, and 10.32 g (74.7 mmols) of potassium car- 
bonate was added thereto, followed by carrying out the reaction at 80°C for 1 hour. Thereafter, 30 ml of toluene was 
added and the temperature was gradually raised to 150*C to distill off toluene. The temperature was lowered to room 
20 temperature, and then 1 8.43 g (72.5 mmols) of 4,4'-dlfluorodiphenylsulfone was added, followed by heating to 140'»C 
and carrying out the reaction for 24 hours. After completion of the reaction, the reaction mixture was added to 1000 
ml of methanol to precipitate a polymer followed by filtration to obtain a polymer. Furthermore, purification was carried 
out by Soxhiet extraction (methanol solvent) to obtain a copolymer (a) of 2-methoxy-1 ,4-dihydroxybenzene and 4,4'- 
difluorodiphenylsulfone. 

25 

Reference Example 2 

(B) Demethylation of the polymer (a): 

30 [0126] 21 .55 Grams of the polymer (a) produced in Reference Example 1 and 1 000 ml of methylene chloride were 
charged in a flask and the resulting solution was cooled to -78**C, followed by adding dropwise 200 ml of 1 M methylene 
chloride solution of boron tribromide (200 mmols) over a period of 3 hours and 40 minutes. Then, the temperature was 
gradually raised to room temperature, followed by stin-ing for 18 hours. After completion of the reaction, the solution 
was added to 1 000 ml of ice water to precipitate a polymer, followed by filtration to obtain a polymer. Furthermore, the 

35 polymer was purified by washing with water and repreclpitatlon, and dried under reduced pressure to obtain 20.36 g 
of demethylated product (polymer (b)) of the polymer (a). As a result of ^H-NMR analysis, it was confirmed that the 
demethylation reaction quantitatively proceeded. As a result of measurement of the molecular weight by GPC using 
DMAc as a developing solvent, the number-average molecular weight of the polymer (b) was 25,000 In terms of pol- 
ystyrene. 

40 

Reference Example 3 

(C) Preparation of potassium pentafluorobenzenesulfonate: 

^5 [0127] 25 Grams (93.8 mmols) of pentafluorobenzene-sulfonyl fluoride was charged In a flask, and 13.0 g (93.8 
mmols) of potassium cartaonate and 100 ml of water were added under cooling with ice, followed by stirring at room 
temperature for 9 hours. Then, 1 .3 g (9.4 mmols) of potassium cart^onate was further added and the mixture was stin-ed 
at 60*'C for 1 hour. A white solid produced was filtered off and purified by recrystallization with water. The resulting 
white solid was subjected to "^^F-NMR measurement and It was confimried that the resulting white solid was potassium 

50 pentafluorobenzenesulfonate (c). 

Example 1 

(D) Reaction of the polymer (b) with potassium pentafluorobenzenesulfonate (c): 

55 

[0128] 2.1 Grams of the polymer (b) produced in (B) and 50 ml of DMAc were charged in a flask, the inner atmosphere 
of which was replaced with nitrogen, and then 512 mg (3.70 mmols) of potassium cartaonate was charged therein, 
followed by heating to 1 30*'C while stinging. Then. 60 ml of toluene was added and the temperature was raised to 1 50*^0 
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to distill off toluene. Thereafter, the temperature of the flask was lowered to 60**C. and 100 ml of a DMAc solution of 
7.09 g (24.8 mmols) of (c) produced in Reference Example 3 was added dropwise over a period of 40 minutes. Then, 
reaction was carried out at 70'C for 1 00 minutes and at 60*^0 for 20 hours. After completion of the reaction, the solution 
was poured into 1N hydrochloric acid and the precipitated polymer was filtered off and purified by rep reel pitat ion and 
5 washing with water. The polymer was redissolved in DMAc, the insoluble matter was filtered off, and then the solution 
was spread on a petri dish and a film was formed by casting at SO^'C to obtain a tough membrane (d) of 56 |xm in 
thickness. Results of measurement of ion exchange capacity and proton conductivity of (d) are shown in Table 1 . 

Reference Example 4 

10 

(E) Bromlnatlon reaction of poly(oxy-4,4'-biphenyleneoxy-4,4'-djphenylsulfone): 

[0129] 40 Grams of commercially available poly(oxy-4,4'-biphenyleneoxy-4,4'-diphenylsulfone) and 500 ml of meth- 
ylene chloride were charged In a flask, and thereto was added 37.4 g (210 mmols) of N-bromosuccinimide, followed 

15 by keeping the flask at 0°C and adding dropwise 65.4 g of concentrated sulfuric acid while stirring over a period of 30 
minutes. After stirring at room temperature for 4 hours, the reaction mixture was poured Into Ice water and 7.56 g (60 
mmols) of NagSOa was added. Then, aqueous NaOH solution was added thereto until the pH of the system reached 
10, and methylene chloride was distilled off under reduced pressure, followed by filtration and drying to obtain 63.1 g 
of a polymer (e). Elemental analysis, ^H-NM R and ""^C-NMR measurements were carried out to find that a bromo group 

20 was introduced into the phenyl ring of the resulting polymer (e). The bromo group introduced into the polymer (e) was 
In an amount of 27% by weight. As a result of measurement of the molecular weight by GPC using DMAc as a developing 
solvent, the number-average molecular weight of the polymer (e) was 34,000 in temns of polystyrene. 

Reference Example 5 

25 

(F) Preparation of potassium 5-lodooctafluoro-3-oxapentanesulfonate: 

[0130] 15.01 Grams of 5-iodooctafluoropentyl-3-oxapentanesulfonyl fluoride, 5 ml of water, 5 ml of methylene chlo- 
ride, 4.80 g of 2,6-lutidlne and 0.1 ml of a 1 M THF solution of tetra-n-butylammonium fluoride were charged in a flask, 

50 and the reaction was carried out at room temperature for 4 days. The reaction mixture was subjected to extraction with 
methylene chloride three times, and the solvent was distilled off under reduced pressure. Then, 30 ml of THF and 2.82 
g of potassium carbonate were added, followed by stirring at room temperature for 10 hours. The solid was filtered off 
and the filtrate was concentrated to precipitate a white solid. The white solid was recrystallized with a THF/toluene 
mixed solvent to obtain 12.3 g of a white solid. The resulting white solid was subjected to ^^F-NMR and elemental 

3s analysis, and it was confirmed that the white solid was potassium 5-iodooctafluoro-3-oxapentanesulfonate (f). 

Example 2 

(G) Reaction of the polymer (e) with (f): 

40 

[0131] 2 Grams of the polymer (e) produced in Reference Example 4, 1 .97 g (31 .0 mmols) of copper powder and 
10 ml of N,N-dimethyl sulfoxide were charged In a flask, the inner atmosphere of which was replaced with nitrogen, 
followed by stirring at 120°C for 2 hours. Then, while keeping the flask at 120°C, a solution of 4 g (8.66 mmols) of the 

(f) prepared in Reference Example 5 in 10 ml of N,N-dimethyl sulfoxide was added. After carrying out the reaction at 
45 120**C for 6 hours, the reaction product was added to 100 ml of 1 N aqueous HCI solution to precipitate a polymer. After 

the polymer was filtered off, it was redissolved in N,N-dimethylacetamide, and the Insoluble matter was filtered off. 
Then, the solution was spread on a petri dish and a film was formed by casting at 80°C to obtain a tough membrane 

(g) of 35 )im in thickness. As a result of measurement of the molecular weight by GPC using DMAc as a developing 
solvent, the number-average molecular weight was 1 40,000 in terms of polystyrene. A temperature at which the weight 

so of the polymer began to reduce with heating was measured by a differential thermal analysis Instrument to obtain 
323*'C, which showed very high heat resistance. Results of measurement of ion exchange capacity and proton con- 
ductivity of (g) are shown in Table 1 . 

Example 3 

55 

[0132] The procedure of Example 2 was repeated, except that 0.5 g of (e), 0.5 g of copper powder and 1 g of (f) 
were used and after (f) was added, the reaction was carried out at 1 20°C for 40 hours, and as a result of the procedure, 
a tough membrane (h) of 40 Mm in thickness was obtained. As a result of measurement of the molecular weight by 
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GPC using DMAc as a developing solvent, the nunnber-average molecular weight was 92,000 in terms of polystyrene. 
Results of nrieasurement of ion exchange capacity and proton conductivity of (h) are shown in Table 1 . 

Example 4 

[01331 The procedure of Example 2 was repeated, except that 2 g of (e), 0.8 g of copper powder and 2.1 5 g of (f) 
were used and after (0 was added, the reaction was carried out at 120°C for 20 hours, and a tough membrane (i) of 
30 Jim in thickness was obtained. As a result of measurement of the molecular weight by GPC using DMAc as a 
developing solvent, the number-average molecular weight was 63.000 in temis of polystyrene. Results of measurement 
of ion exchange capacity and proton conductivity of (i) are shown in Table 1 . 

Example 5 

[0134] The membrane (water content: 20 wt«/o) obtained in Example 4 was drawn to 1 .5 times in planar direction 
monoaxial direction, thereby obtaining a drawn membrane Q). The proton conductivity was measured and the result 
is shown in Table 1 . 

Example 6 

[01351 The membrane (water content: 20 wt%) obtained in Example 4 was drawn to 2 times in planar direction^ 
monoaxial direction, thereby obtaining a drawn membrane (k). The proton conductivity was measured and the result 
Is shown In Table 1 . 

Comparative Example 1 . 

(I) Preparation of sulfonated polyether ether ketone: 

[0136] 25 Grams of commercially available polyether ether ketone and 125 ml of concentrated sulfuric acid were 
charged in a flask and stin-ed at room temperature for 48 hours under nitrogen atmosphere to sulfonate the polymer 
The reaction mixture was slowly added dropwise to 3 liters of deionized water to precipitate sulfonated polyether ether 
ketone, which was recovered by filtration. The precipitate was repeatedly subjected to washing with deionized water 
using a mixer and recovery operation by a suction filter until the wash liquid became neutral, followed by drying to 
obtain a polymer. The resulting polymer was redissolved in DMAc, and the insoluble matter was filtered off. Then, the 
solution was spread on a petri dish and a film was fornied by casting at SO^C to obtain a tough membrane (1) of 30 
\im in thtekness. Results of measurement of ion exchange capacity and proton conductivity of (1 ) are shown in Table 1 . 

Comparative Example 2 

(J) Preparation of sulfonated polyether sulfone (i) 

[0137] In a flask, the inner atmosphere of which was replaced with nitrogen were charged 13.5 g (47.0 mmols) of 
4.4*.dlchlorodiphenylsulfon, 7.29 g (29.1 mmols) of 4,4-dihydroxydiphenylsulfon, 1 .66 g (8.92 mmols) of 4,4'-biphenol, 
0.984 g (8.93 mmols) of resorclnol, and 7.14 g (5.1 7 mmols) of potassium carbonate and dissolved with 40 ml of NMP 
Thereafter, 20 ml of toluene was added followed by heating to 190°C and carrying out the reaction for 14 hours' while 
distilling off toluene. During the reaction, Increase of the viscosity of the solution was observed. After completion of the 
reaction, the polymerized solution was poured into methanol to precipitate a polymer, followed by filtration and drying. 
Thus obtained polymer was charged in a flask, 120 ml of concentrated sulfuric acid were further charged in the flask 
and stirred at room temperature for 48 hours under nitrogen atmosphere to sulfonate the polymer. The reaction solution 
was slowly added dropwise to 3 liters of deionized water to precipitate sulfonated polymer. The precipitate was repeat- 
edly subjected to washing with deionized water using a mixer and recovery operation by a suction filter until the wash 
liquid became neutral, followed by drying to obtain a polymer. The resulting polymer was redissolved in DMAc, and 
the insoluble matter was filtered off. Then, the solution was spread on a petri dish and a film was formed by casting at 
80»C to obtain a tough membrane (q) of 37 ^m in thickness. Results of measurement of ion exchange capacity and 
proton conductivity of (q) are shown in Table 1 . 
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Comparative Example 3 

(K) Preparation of sulfonated polyether ether ketone (ii) 

[0138] The polymerization, sulfonation and casting procedure of Comparative Example 2 was repeated except that 
13.4 g (46.6 mmols) of 4,4'-dichlorodlphenylsulfon, 7.64 g (30.5 mmols) of 4,4'-dlhydroxydiphenylsulfon, 1.50 g (8.04 
mmols) of 4,4'-biphenol, 0.886 g (8.04 mmols) of resorcinol and 7.08 g (5.12 mmols) of potassium carbonate were 
used. A tough membrane (r) of 31 \im in thickness was obtained. Results of measurement of Ion exchange capacity 
and proton conductivity of (r) are shown in Table 1 . 

Table 1 





Proton conductivity (S/cm) 


Ion exchange capacity (meq/g) 


Example 1 


4.4x10-2 


1.4 


Example 2 


1.0x10-1 


1.6 


Example 3 


8.9x10-2 


1.6 


Example 4 


4.9x10-2 


1.2 


Example 5 


6.6x10-2 


1.2 


Example 6 


6.8x10-2 


1.2 


Comparative Example 1 


4.4x10-2 


1.8 


Comparative Example 2 


2.6x10-2 


1.4 


Comparative Example 3 


1.0x10-2 


1.1 



[01 39] The ion exchange capacity (I EC) and proton conductivity of Examples and Comparative Examples are shown 
In Fig. 1 . 

[0140] According to the present invention, there can be provided an aromatic polymer which is characterized by 
having a super strong acid group in a side chain. The aromatic polymer of the present invention shows excellent 
characteristics as proton conductive membrane of fuel cells and the like. 
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Claims 

1 . An aromatic polymer comprising an aromatic ring in a main chain and a super strong acid group in a side chain. 

2. An aromatic polymer according to claim 1 which is represented by the following formula (1 ): 



-(A-Z)^-(A'-Z')„- 



(1) 



45 



SO 



(In the above fomriula, A represents a divalent aromatic group, A' represents a divalent aromatic group comprising 
a super strong acid group as a substituent, Z and Z' independently of one another represent a direct bond or a 
divalent group, m and n represent the number of repeating units, n is in the range of 1 0-1 00,000 and the repeating 
units present in the number of n may be the same or different, and m is in the range of 0-1 00,000 and the repeating 
units present In the number of m may be the same or different). 

3. An aromatic polymer according to any one of claims 1-2, wherein A represents a divalent aromatic group selected 
from the following formulas (3a)-(3c), and A' represents a divalent aromatic group selected from thefomnulas (3d) 
-{3g): 



55 
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10 (in the formulas, R represents a hydroxyl group, an alkyi group of 1 -6 carbon atoms, an alkoxy group of 1 -6 carbon 

atoms, an aralkyi group of 7>1 2 carbon atoms, an aryl group, or a halogen atom; p, r s and t Independently of one 
another represent a number of 0-4; q represents a number of 0-6; when a plurality of R are present, these may be 
the same or different; j represents a number of 0 or 1 ; Z" and Y independently of one another represent a direct 
bond or a divalent group, when a plurality of Z" are present, these may be the same or different, and when a 

IS plurality of Y are present, these may be the same or different; D represents a super strong acid group and when 

aplurality of Dare present, these may be the same or different; h, h" and h"' independently of one another represent 
a number of 1-4; h' represents a number of 1-6; (p'+h), (r'+h") and (s"+h"') Independently of one another represent 
a number of 1 -4; s', t', r" and t" independently of one another represent a number of 0-4; (q'+h') represents a number 
of 1-6). 

20 

4. An aromatic polymer according to claim 3, wherein Z, Z' and Y independently of one another represent a group 
selected from a direct bond, -0-, -S-, -CO-, -SO2-, an alkylene group of 1-12 carbon atoms and an alkylenedioxy 
group of 1-12 carbon atoms, and Z" represents a group selected from a direct bond, -0-, -S-, -CO-, -SO2-, an 
alkylene group of about 1-12 carbon atoms which may be substituted with fluorine, an alkylenedioxy group of about 

25 1-12 carbon atoms which may be substituted with fluorine, an arylene group of about 6-12 carbon atoms which 

may be substituted with fluorine, an aryleneoxy group of about 6-12 carbon atoms which may be substituted with 
fluorine, and an alkyleneoxy group of about 1-12 carbon atoms which may be substituted with fluorine. 

5. An aromatic polymer according to any one of claims 1 -4, wherein the super strong acid group is selected from the 
30 groups represented by the following formulas (2a)-(2d): 

-G-SO3W* (2a) 
-G-S02N*W''S02-E (2b) 
-G-P(0)(0'W'')2 (2c) 



-G-P(0)0'W''-E {2d) 

(in the formulas, G represents an alkylene group in which a part or all of hydrogen atoms are substituted with 
fluorine, an aralkylene group in which a part or all of hydrogen atoms are substituted with fluorine, or an arylene 
group in which a part or all of hydrogen atoms are substituted with fluorine, W-*- represents a cation, E represents 
an alkyI group In which a part or all of hydrogen atoms are substituted with fluorine, an aralkyi group in which a 
part or all of hydrogen atoms are substituted with fluorine, or an aryl group In which a part or ait of hydrogen atoms 
are substituted with fluorine.) 

6. An aromatic polymer according claim 5, wherein is a hydrogen Ion. 

7. A method for producing an aromatic polymer described In any one of claims 1 -6 which comprises reacting a polymer 
represented by the following formula (4) with a compound represented by the following formula (5): 

-(A-Z)„-(A"-Z')„- (4) 
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[in the formula (4). A, Z, 2', m and n have the sanne meanings as defined above, and A" represents a group selected 
from the following fomnulas (4a)-(4d): 



10 




15 



20 




25 



mm9 

(4c) 



30 



35 



45 






(4d) 

40 (In the fomnulas, R, Y. p', q', r*, s'. t', r , s", f , h, h', h", h"' and j have the same meanings as above, and Z'" represente 

a group which reacts with E to fonri the above Z")], 



E-D 



(5r" 



(in the formula (5), D has the same meanings as above, and E represents a group which reacts with Z'" to form 
the above Z"). 

8. A method for producing an aromatic polymer described in any one of claims 1-6 which comprises reading the 
so polymer represented by the formula (4) with a compound represented by the following formula (6) and then con- 

verting D' to D: 



55 



E-D' 



(6= 



(In the formula, E has the same meanings as defined above, and D' represents a group capable of being converted 
to D). 
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9. A method for producing an aromatic polymer described in any one of claims 1-6 which comprises polymeri;?ing a 
monomer represented by the following fomnula (7): 



V-A'-V 



(7) 



(in the above fomiula, A' has the same meanings as defined above and the two V Independently of one another 
represent halogen, -OH, -NHg, -SH, -COOH, -CHO, -NO2 or a halogenated sulfonyl group). 

10 10. A method for producing an aromatic polymer described In any one of claims 1 -6 which comprises polymerizing a 
monomer represented by the following formula (8) and then converting D' to D (D has the same meaning as defined 
above) 



V-A'"-V 



(8) 



(in the above fomnula, A'" represents a divalent group selected from the following fomnulas (8a)-(8d) and V has 
the same meanings as defined above): 
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(8d) 



55 



(in the fomnulas, D', R, Y, Z", h, h', h", h"', p\ r', r", s\ s", t', t", q' and j have the same meanings as defined above). 
11. A method according to any one of claims 7-10, wherein Is a hydrogen Ion. 
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12. A polymer electrolyte which comprises an aromatic polymer of any one of claims 1-6 as an effective component. 

13. A polymer electrolyte membrane comprising the polymer electrolyte of claim 1 2. 

14. A polymer electrolyte membrane according to claim 1 3 which is a drawn membrane or a rolled membrane obtained 
by monoaxlally or biaxially drawning or rolling the polymer electrolyte of claim 12. 

15. A polymer electrolyte membrane according to claim 14, wherein the drawing or rolling ratio is 1 .05-3 times. 

16. A fuel cell comprising a polymer electrolyte membrane of any one of claims 13-15. 
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